Abstract. Measurements of biomass and grazing for three size classes of mesozooplankton were carried out at two drifting stations: at 59°N, 20°W during a tracer release experiment, and at 37°N, 19°W at a conventional drifting station. Mesozooplankton biomass at 59°N did not vary between day and night (6.7 and 6.4 mg C m -3 for night and day samples, respectively). At 37°N, carbon biomass was much lower and in addition a diel cycle was observed (2.2 and 1.4 mg C m -3 for night and day samples, respectively). No one size fraction was the major contributor to biomass at either station. At 59°N, grazing was dominated by the small size fraction for both day and night samples, and at 37°N grazing was dominated by this size fraction during the day only. At 59°N, mean ingestion (57.1 and 91.1 mg C m -2 day -1 for day and night samples, respectively) was much higher than at 37°N (5.3 and 1.7 mg C m -2 day -1 for day and night samples, respectively). Consumption of the standing stock of phytoplankton (based on total chlorophyll a concentrations) was higher at the southern station where 8.9% and 2.6% day -1 of the standing stock was removed by night and day, respectively. Reverse diel consumption was observed at the northern station, where 1.5% (night) and 2.1% day -1 (day) of the standing stock was removed. Comparisons are made between the two time series, and the results are set in the context of a decade of investigations into the role of mesozooplankton in this region of the North Atlantic.
Introduction
Over the past 10 years, since the first JGOFS Process Study, the North Atlantic Bloom Experiment, in 1989 (Ducklow and Harris, 1993) , the quantitative role of mesozooplankton in the ecology of the North East Atlantic has been the subject of a series of studies, using a variety of approaches. Much of this research has focused on carbon flux studies on the 20°W meridian, either in the form of transects of stations [Morales et al. (1991) and Weeks et al. (1993) for 47-60°N, and Lenz et al. (1993) for 18-58°N], or intensive drifting stations in the vicinity of 47°N (Dam et al., 1993; Morales et al., 1993) , 60°N (Harris et al., 1998) , or the region of the Marine Light Mixed Layers (MLML) study at 59°30ЈN, 21°W (Cowles and Fessenden, 1995; Gifford et al., 1995) .
In June and July 1996, a cruise of the UK PRIME project (Plankton Reactivity in the Marine Environment) carried out a comprehensive series of investigations of a range of components of the planktonic ecosystem along the 20°W meridian (Donald et al., 2000; Hays et al., 2000a; Yallop, 2000; Zubkov et al., 2000) . This cruise provided the opportunity for a range of studies of mesozooplankton employing a combination of transect investigations (Gallienne et al., 2000; Hays et al., 2000b; Wade and Heywood, 2000) and drifting stations at 60°N (Irigoien et al., 1999) and 37°N (Hays et al., 2000a) . This paper reports a time series of zooplankton size-fractionated biomass and grazing measurements carried out on the PRIME cruise during a Lagrangian study at a station at 59°N using an SF 6 tracer release technique (Law et al., 1999) , and at a conventional drifting station at 37°N. Comparisons are made between the size structure of these two latitudinally separated studies, the significance of the differing sampling approaches is discussed, and the results are set in the context of a decade of investigations on the role of mesozooplankton in this region of the North Atlantic.
Method
A cruise on RRS 'Discovery' (cruise 221/96) was conducted in the North East Atlantic during June/July 1996 as part of the PRIME project. The cruise focused on Lagrangian studies of physical, chemical and biological processes carried out at two contrasting oceanographic sites in the region of 59°N, 20°W from 18 to 27 June and 37°N, 19°W between 11 and 18 July, together with a meridional transect between these two regions. The time series at 59°N was part of an SF 6 release experiment within an intrathermocline lens in a mesoscale eddy (Martin et al., 1998) . This tracer release approach enabled an essentially coherent body of water to be tracked, and the time-series sampling was directed in this way. Details of this experiment and the surveying techniques can be found in Law et al. (2000) . At 37°N, a conventional Lagrangian technique was used, with sampling carried out alongside an Argos buoy which was drogued at 14 m. Station positions sampled (indicating day and night samples) at both sites are shown in Figure 1 . 59°N, 20°W (18-28 June 1996) and 37°N, 19°W (11-18 July 1996) , indicating midday (+) and midnight(᭹) zooplankton station positions.
Temperature and salinity profiles were obtained with a Neil Brown Mk 3b CTD equipped with a rosette of 12 10-l Niskin water bottles. Water samples were taken from 2, 20, 30, 40, 50, 75 and 200 m at 59°N, and from 2, 10, 20, 30, 40, 50, 60, 80 and 300 m at 37°N. Samples for total chlorophyll (Chl) a (100 or 250 ml) were filtered onto GF/F filters and onboard measurements of the fluorescence of the 90% acetone extracts were made before and after acidification, with a Turner Designs fluorometer (Yentsch and Menzel, 1963) . In addition, at 37°N, a small number of estimates of size-fractionated Chl a were made at 10 and 60 m by filtration onto 5 µm Nuclepore filters, and extracted and measured as before. Samples for particulate organic carbon (POC) were prepared by filtering either 250 or 500 ml of 200 µm pre-screened water through pre-combusted 24 mm GF/F filters and storing at -30°C for subsequent analysis. Inorganic carbonates were removed from the filters by acidification with sulphurous acid (Verardo et al., 1990) . The filters were then dried at 50°C for 48 h, packaged in pre-combusted aluminium foil (Hilton et al., 1986) and analysed with a Carlo Erba NA 1500 elemental analyser using acetanilide as calibration standard. Identification and counting of phytoplankton were carried out on separate samples preserved in Lugol's iodine and buffered formaldehyde. Cell volume was converted to carbon equivalents according to Strathmann (1967) .
Zooplankton were sampled in the upper 100 m using a 200 µm vertically hauled WP-2 net (UNESCO, 1968) . To assess diel variation in zooplankton, hauls were carried out close to midday and midnight. Samples taken for mesozooplankton biomass and taxonomy were sequentially wet sieved with meshes of 2000, 1000, 500 and 200 µm, to give fractions of 1000-2000, 500-1000 and 200-500 µm. Each size fraction was made up to 1000 ml with 0.6-µm-filtered sea water and 50 ml aliquots in triplicate were filtered onto 24 mm GF/C filters and frozen at -30°C for carbon biomass determinations. Carbon determinations were made with a Carlo Erba NA 1500 elemental analyser. The remainder of the sample (850 ml) was preserved with borax-buffered formaldehyde at a final concentration of 5%. Zooplankton were counted and identified with a binocular microscope.
Copepod grazing was estimated by the gut fluorescence method. The net contents were anaesthetized with soda water/sea water mixture and wet sieved into the same size fractions as for biomass. Triplicate aliquots were filtered onto 'shark skin' filters (Schleicher and Schuell no. 16930) to give a thin layer of zooplankton on each filter. The filters were frozen at -30°C prior to analysis. Triplicate samples of 10 individuals from the 1000-2000 µm fraction, 30 individuals from the 500-1000 µm fraction and 100 individuals from the 200-500 µm fraction were picked out randomly and extracted overnight in 90% acetone at 5°C in the dark. Extracts were then analysed fluorometrically before and after the addition of acid with a Turner Designs fluorometer. Phytoplankton ingestion was estimated from gut fluorescence according to Mackas and Bohrer (1976) , using I = Gf ϫ GCRC, where I is ingestion, Gf is the gut fluorescence and GCRC is the gut clearance rate which was estimated from in situ temperature (Dam and Peterson, 1988; Irigoien, 1998) . No correction was made for possible pigment destruction. Figure 2A shows the distribution of temperature during both time series. At 59°N, surface values were generally in the range 10.5-11°C, and ~8°C at 200 m. At 37°N, the equivalent surface temperatures were >20°C and ~13.5°C at 200 m. At both stations, surface temperature increased with time and for the southern station the 16°isotherm deepened from 14 July. Salinity ( Figure 2B ) was lowest at 59°N with values ~35.05 PSU, whereas at 37°N, surface values of ~36.0 PSU were observed. During the time on station at 37°N, the thermocline was observed to weaken due to advection of a different water mass and from 14 July there was a transition to water having a higher salinity (~36.15 PSU). At 59°N, the water was not only less saline (<35.1 PSU), but also did not show any significant variation in vertical structure over the study period.
Results

Physical, chemical and phytoplankton measurements
Chlorophyll at 59°N was observed in the upper 30 m where concentrations of 0.7 mg Chl m -3 were found ( Figure 2C ). During the latter part of the time series, concentrations increased to ~0.9 mg Chl m -3 . The station at 37°N exhibited typical oligotrophic features with low surface Chl concentrations of <0.05 mg Chl m -3 and a deep (50-80 m) subsurface Chl maximum ( Figure 2C ), with concentrations generally in the range 0.2-0.5 mg Chl a m -3 . At this station, Chl concentrations, associated with this subsurface maximum, declined from 0.51 mg Chl m -3 on 11 July to <0.15 mg Chl m -3 on 18 July. At 37°N POC levels ( Figure 2D ), at 59°N, were generally in the range 150-175 mg C m -3 in the surface layer, whereas at 37°N lower values of 50-80 mg C m -3 were observed in the upper 100 m. At both stations, POC concentrations below the thermocline were <50 mg C m -3 . Integrated Chl (Figure 3 ) was higher at 59°N where average integrated (100 m) Chl a 2.06 ± 1.14 -Picoplankton 0.79 ± 0.31 4.68 ± 1.84 Total phytoplankton carbon 143.6 ± 44.0 12.5 ± 3.2 was 32.2 ± 8.0 mg Chl m -2 . At 37°N, integrated Chl levels were lower, with a mean concentration of 8.5 ± 1.5 mg Chl m -2 during the Lagrangian time series. At 37°N (derived from a small number of size-fractionated estimates from 10 and 60 m), the average contribution of the <5 µm size fraction to total Chl was 85.1 ± 1.3%. Figure 4 summarizes the mean contribution of major phytoplankton groups to total phytoplankton carbon. Coccolithophorids and, in particular, Coccolithus pelagicus dominated the phytoplankton biomass at 59°N, and in addition flagellates, heterotrophic dinoflagellates and diatoms (especially Ephemera planmembranaceae) were also major contributors to phytoplankton biomass at this station (Table I ). In contrast, major components at 37°N were smaller, picoplankton and flagellates (Figure 4 ). At 59°N, average phytoplankton carbon at 10 m was relatively high (143.6 ± 44.0 mg C m -3 ), and was the major contributor (at >70%) to the particulate carbon biomass. At 37°N, much lower phytoplankton carbon (12.5 ± 3.2 mg C m -3 ) was observed (Table I ). These mean concentrations from the Chl maximum at 65-70 m depth corresponded to a contribution of <25% of the particulate carbon biomass.
Mesozooplankton biomass
Mesozooplankton carbon biomass (integrated 0-100 m) was higher in all size fractions at 59°N ( Figure 5 ). Figure 6 and Table II summarize the mean (0-100 m) biomass for each station. Carbon biomass (200-2000 µm) was higher at 59°N and no diel variation was observed (6.7 ± 2.8 and 6.4 ± 2.9 mg C m -3 for night and day samples, respectively). In contrast, at 37°N, not only was carbon biomass much lower, but in addition a diel signal was found (2.2 ± 1.1 and 1.4 ± 0.6 mg C m -3 for night and day samples, respectively). No one size fraction at either station dominated carbon biomass. A diel signal was observed for the large size fraction (1000-2000 µm) at both sites (Table II) , but this was not significant (Table III, Student's t-test) . However, the diel signal observed in the medium fraction (500-1000 µm) at the southern station was significant (P < 0.05). No other fractions were found to have significant variation in night/day ratios (Table III) .
Copepod grazing
Values for average size-fractionated gut fluorescence [ng Chl equivalents (equiv.) mg C -1 ] at both stations for day and night samples are given in Table II . Gut fluorescence (Gf) was highest in zooplankton within the small size (200-500 µm) fraction at 59°N ( Figure 7 ) for both day and night samples (30.0 ± 21.1 and 55.6 ± 23.6 ng Chl equiv. mg C -1 , respectively) where a trend of decreasing Gf with time was observed. No trend in Gf for other size fractions at this station was observed. At 37°N, gut fluorescence of the large size fraction was variable ( Figure 7) ; however, for day samples, a decreasing trend in Gf was observed which was not observed at night. No clear trend in Gf was observed in any of the other size fractions at this station. At 59°N, a significant reverse diel cycle (P < 0.05) was observed in gut fluorescence of the small size fraction (Table III) , where average Gf levels were 46.5 ± 37.2 and 66.2 ± 30.8 ng Chl equiv. mg C -1 for day and night samples, respectively (Table II) . At 37°N, average night-time levels of Gf were much higher (163.9 ± 87.6 ng Chl equiv. mg C -1 ), but daytime values were similar (66.8 ± 68.5 ng Chl equiv. mg C -1 ) to those observed at the northern station. At this station, significant diel signals in Gf were observed in the medium (500-1000 µm) fraction (P < 0.05) and the small (200-500 µm) fraction (P < 0.01). Day-night differences in the large (1000-2000 µm) fraction were not significant (Table III) .
Ingestion was dominated by the small size fraction at 59°N (Figure 8 ), where the mean contribution of this fraction to total ingestion was 87.8% by day and 56.8% by night. For this size fraction, a decreasing trend in ingestion was observed in both day and night samples at this station. In addition, there was a similar though much smaller trend for the medium size both for day and night.
For the large size fraction, ingestion was variable ( Figure 8 ) and no trend with time was observed. Ingestion by both the small, and on some dates, the medium size fractions was greater during the day. At 37°N, no single size fraction dominated total ingestion during night sampling, but for day samples the small size fraction dominated, contributing 52.9% of the total ingestion. Ingestion by the large size fraction declined for day samples, but no corresponding trend for night samples was observed. Ingestion by the large and medium size fractions was generally higher by night than by day.
Average size-fractionated ingestion as mg C m -2 day -1 at both stations for day and night samples is given in Table II . Average values at 59°N for night and day ingestion (57.1 ± 64.7 and 91.1 ± 68.3 mg C m -2 day -1 , respectively) were much higher than equivalent observations at 37°N (5.3 ± 2.2 and 1.7 ± 1.2 mg C m -2 day -1 , respectively). However, for all size fractions, differences in night/day ingestion at the northern station were not significant (Student's t-test), but at 37°N the observed diel signal was significant (P < 0.01) in all cases (Table III) . Figure 9 shows the grazing impact on the standing stock of Chl a for both stations. At 59°N, the small size fraction was dominant, accounting for 87.8% of consumption for day samples and 56.8% for night samples. At this station, grazing pressure on the standing stock of Chl a declined with time for both small and medium size fractions, where the highest values of 7.0 and 0.8%, respectively, were observed on 20 June for day samples. Grazing pressure was much reduced for night samples, where maximum values of 2.0 and 0.4%, respectively, were observed for the small and medium size fractions on 20 June. For the large size fraction, consumption was highest for night samples. At 37°N, no one size fraction dominated and consumption of the standing stock in all size fractions was generally higher than observations at 59°N. Grazing pressure of the large size fraction at 37°N for day samples declined from 2.6 to 0.1% during the study period. For all size fractions at this station, grazing pressure was greater for night samples, and was maximal between 14 and 16 July when the average total consumption was 12.9 ± 1.1% day -1 period ( Figure 9 ). There was no associated increase in grazing pressure in day samples for the same period where the average impact was 2.4 ± 2.1% day -1 . Table II summarize the mean grazing pressure on the standing stock of Chl for all size classes at the two stations. Average night-time grazing on the standing stock of Chl was lower at 59°N where 1.5% day -1 of standing stock was removed. The equivalent night-time removal rate at 37°N was 8.9% day -1 of the standing stock. Total daytime grazing pressure was similar for both stations with calculated values of 2.1 and 2.6% for 59°N and 37°N, respectively. For 59°N, the small size fraction dominated the impact on the phytoplankton stock for both day and night samples, and a reverse diel cycle was observed in this fraction (Figure 10 ). However, for the large size fraction, a positive diel signal was observed. At 37°N, the small size fraction was the main contributor for day samples only. No one size fraction was observed to be dominant for night samples. A positive diel signal in grazing pressure was observed in all size fractions at this station.
Mesozooplankton species
Table IV lists the numerically dominant mesozooplankton species during both time series averaged for all night and day samples. At 59°N, Oithona, Calanus finmarchicus and Aglantha were the dominant species, and at 37°N Clausocalanus spp., Oncaea and Oithona were the main components. Even though there were some similarities between the species observed at both stations, a number of the northern species e.g. C.finmarchicus, Metridia and Euchaeta, were not present at 37°N.
At 59°N, reverse diel migration occurred, where a number of species (e.g. Oithona) appeared in increased numbers in the upper 100 m during the day. At the southern station, there was a positive diel variation in abundance, with increased numbers observed at night due to vertical migration.
Discussion
The two regions investigated during the PRIME cruise represent two contrasting regimes of the North East Atlantic. There were major differences in both the physics and biology of these two latitudinally separated areas (Wade and Heywood, 2000) , and for this reason it is difficult to compare the effectiveness of the different sampling approaches of the tracer release experiment at 59°N and the standard drogue deployment at 37°N. The drifting station at 59°N was carried out in a mesoscale eddy, which was essentially a coherent water mass (Martin et al., 1998) . The CTD time series associated with the zooplankton sampling positions at this station indicate little change in temperature and salinity structure (Figure 2 ). In contrast, for the southern station, there was evidence of changes in the characteristics of the water column during the study period. The thermocline weakened due to advection of a different and higher salinity water mass into the survey area (Wade and Heywood, 2000) . This would indicate that sampling of a coherent water mass was not achieved.
Mesozooplankton biomass
Our estimates of total mesozooplankton biomass for 59°N are in good agreement with previous estimates for the same region (Morales et al., 1991; Batchelder, 1995; Harris et al., 1997) . Lenz et al. (1993) also report similar values, but their estimates were integrated over the upper 500 m rather than 100 m as reported here. A number of these studies reported that, in the vicinity of 60°N, the large size fraction was the major contributor to zooplankton community biomass (Morales et al., 1991; Harris et al., 1997) . However, observations made during this study, although made at the same time of year, indicated that no one size fraction was the main contributor to total mesozooplankton biomass ( Figure 6 ).
No data are available from other published studies in the vicinity of the southern (37°N) station, but Lenz et al. (1993) report biomass concentrations of 2.5-2.8 mg Cm -3 for the upper 500 m at 33°N, 20°W, which compare with concentrations reported in this paper for the upper 100 m (Table V) . Unpublished data from sizefractionated mesozooplankton biomass estimates from the Atlantic Meridional Transect programme (Robins and Aiken, 1996) would indicate that our estimates during the time series at 37°N for day samples only (1.4 ± 0.6 mg C m -3 ) are within the range of values (0.7-1.5 mg C m -3 ) observed in the vicinity of 37°N during the twice-yearly transects in April and September for the years -1998 .
In addition, a number of studies have reported biomass estimates for the JGOFS station at 47°N, 20°W (Morales et al., 1991; Dam et al., 1993; Lenz et al., 1993) . Two of these studies reported total biomass in the range 3.0-4.5 mg C m -3 (Morales et al., 1991; Lenz et al., 1993) . The exception was Dam et al. (1993) who observed higher levels of 5.1-8.0 mg C m -3 during April and May (Table V) . One common feature of all these measurements at 47°N is the dominance of the small size fraction. During the PRIME cruise, a station at 47°N was sampled on 8 July during the transect from 60°N to 37°N. Total biomass estimates were lower, being in the range 1.3-2.2 mg C m -3 (R.N.Head, unpublished data), but as in the 
Calanus finmarchicus 91.3 ± 47.2 104.0 ± 37.4 --Metridia spp.
7.0 ± 9.7 7.0 ± 5.0 --Pleuromamma spp.
1.0 ± 1.2 -11.59 ± 11.9 7.4 ± 9.7 Acartia spp.
6.4 ± 9.0 5.2 ± 5. 5.3 ± 6.9 4.6 ± 5.9 56.1 ± 32.3 37.7 ± 23.1 Corycaeus spp.
--14.6 ± 9.8 16.7 ± 10.4 Copepod nauplii 19.6 ± 20.4 80.1 ± 177.3 0.7 ± 1.3 1.0 ± 2.0 Euphausiids 3.3 ± 3.1 1.6 ± 1.5 1.3 ± 1.3 0.8 ± 1.00 Parathemisto spp.
3.3 ± 4.5 1.5 ± 1.7 --Conchoecia spp.
6.1 ± 5.7 5.5 ± 3.8 15.4 ± 8.5 13.1 ± 7.8
Evadne nordmanni
3.2 ± 6.6 5.4 ± 10.5 --Aglantha spp.
23.9 ± 31.3 25.0 ± 21.2 --Doliolida 3.0 ± 8.5 1.1 ± 3.1 21.2 ± 17.4 18.1 ± 23.8 Appendicularia 2.7 ± 3.0 2.3 ± 4.3 29.2 ± 20.9 17.0 ± 27.2 Tomopteris spp.
10.3 ± 6.3 22.1 ± 12.4 0.3 ± 0.9 -Foraminifera 29.5 ± 20.2 35.1 ± 23.5 0.9 ± 1.7 1.2 ± 1.9 Table V Biomass as mg C m -3 calculated from dry weight using a conversion factor of 40% carbon.
previous studies, in the vicinity of 47°N, the small size fraction was dominant and contributed >50% of total biomass. However, during this study, no one size fraction dominated biomass at either 59°N or 37°N.
The dominant mesozooplankton species at 59°N were generally similar to previous studies carried out in this region (Morales et al., 1991; Batchelder, 1995; Cowles and Fessenden, 1995; Harris et al., 1997) . As has been observed previously in those studies, C.finmarchicus was the dominant copepod in the large size fraction during the PRIME cruise. In addition, Oithona was the most numerically dominant species found in the small size fraction, which agrees with observations by both Harris et al. (1997) and Morales et al. (1991) . At 59°N, the present study reports a reverse diel migration for smaller species, especially Oithona, whose daytime numbers were double the numbers observed during the night (Table IV) . Harris et al. (1997) report a strong diel signal during the eddy study at 61°N and Morales et al. (1991) report no significant differences in day-night numbers for this size fraction. No previous data are available on taxonomic composition in the vicinity of 37°N, but a number of studies have been carried out at 47°N (Morales et al., 1991 Lenz et al., 1993) . A comparison of the dominant species at the southern PRIME station and observations made from those previous studies at 47°N would indicate a similar taxonomic composition (Table V) . The average numbers of zooplankton at 47°N reported by Morales et al. (1991 Morales et al. ( , 1993 were higher than those observed at either 59°N or 37°N in the present study.
Copepod grazing
In comparison with previous studies using the gut fluorescence method to estimate grazing in the region of 59°N, we report much higher mesozooplankton community grazing rates (57-91 mg C m -2 day -1 ). Harris et al. (1997) reported much lower rates of 6.4 mg C m -2 day -1 for the eddy study at 61°N and Morales et al. (1991) reported grazing rates of 14.9-18.4 mg C m -2 day -1 during a drifting station at 60°N. Lenz et al. (1993) report very much higher grazing rates at 58°N: 319 mg C m -2 day -1 . However, those estimates were calculated from respiration and are not therefore directly comparable with estimates made by the gut fluorescence method, which estimates only phytoplankton consumption. Even though not reflected by higher biomass, one of the main features of the station at 59°N was the dominance of the 200-500 µm size fraction in the grazing flux. These results are consistent with those of other workers who have examined the contribution of size classes to total grazing at both 47°N (Dam et al., 1993; and in the vicinity of 60°N (Morales et al., 1991; Harris et al., 1997) .
In the vicinity of 37°N, little information concerning grazing rates has been published. Lenz et al. (1993) reported grazing rates for 33°N of 371 mg C m -2 day -1 , but again these values are not directly comparable, having been calculated from respiration. These rates are much higher than our average estimates made during the time series at 37°(5.3 and 1.7 mg C m -2 day -1 for night and day samples, respectively) (Table V) . These authors also report little variation in mesozooplankton community grazing rates between stations at 33°N, 47°N and 60°N with ingestion rates of 371, 313 and 319 mg C m -2 day -1 , respectively. However, results presented in this study indicate that grazing at 59°N (57.1-91.1 mg C m -2 day -1 ) was much higher than the equivalent rates measured at the southern station (1.7-5.3 mg C m -2 day -1 ).
During this study, major differences in night/day community grazing rates were found between the two sites. At 37°N, night-time grazing was highest and this coincided with a positive night-time vertical migration of mesozooplankton (Table IV) . In contrast, at 59°N, a reverse situation occurred where daytime grazing pressure was higher in the two smaller size fractions, but not in the 1000-2000 µm size range (Figure 10 , Table II) . Roman et al. (1988) suggested that in oceanic waters, night/day grazing rates of individual zooplankters would either be similar, or that grazing rates during the day would increase. However, in this study at 59°N, the individual night/day grazing rates of the copepods were either similar for the small and medium size fractions or were higher at night for the large size fraction (Figure 7) . The higher grazing pressure observed during the day at this station by the small and medium size fraction can be explained by increased numbers of smaller zooplankton (e.g. Oithona, Paracalanus) present in the upper 100 m of the water column during the day (Table IV) . However, such migration into the upper water column during the day has not been observed in previous studies carried out in the vicinity of 59°N, where either night-time migration of small copepods occurred (Harris et al., 1997) or no significant numerical change was found (Morales et al., 1991) .
Most previous studies have concluded that mesozooplankton community grazing impact is relatively low ( Table V) . The results presented in this study for 59°N also show that impact on the standing stock of phytoplankton was low, with similar values to the previous studies carried out by Morales et al. (1991) and Harris et al. (1997) for stations at 60°N and 61°N, respectively. Comparable studies in the region of 47°N (Morales et al., 1991 Dam et al., 1993) have also concluded that grazing pressure is relatively low with a range of values from 0.1 to 5% reported (Table V) . Lenz et al. (1993) reported a higher grazing pressure of 20.1% at 47°N, calculated from respiration. At 37°N, even though absolute grazing rates were much lower, the impact on the phytoplankton standing stock was higher with average values of 2.6% (day) and 8.9% day -1 (night).
There are no comparable studies on mesozooplankton grazing in the vicinity of 37°N, but Lenz et al. (1993) reported a grazing impact of 45% for a station at 33°N. These authors report both higher grazing rates and impact on the standing stock than has been found in other studies. However, the ratio of consumption at 33°N:58°N was 2.8 in their study, and this trend of increasing consumption from north to south is similar to that observed on the PRIME cruise where the equivalent ratio for 37°N:59°N was 3.1. A number of studies have been carried out in other oligotrophic regions, including the tropical equatorial Pacific (Dam et al., 1995; Zhang et al., 1995) and the Banda Sea, Indonesia (Arinardi et al., 1990) , and report community mesozooplankton impact in the range of 0.7-9% day -1 , which is consistent with the results reported here for the 37°N station.
A number of studies have considered the importance of particles >5 µm in the diet of copepods and have shown that feeding is inefficient on small particles (e.g. Harris, 1982; Lampitt and Gamble, 1982) . During the North Atlantic Bloom ration captured was much smaller, representing only 1.2-2.4% of body carbon. Estimates of grazing and consumption presented in this paper do not include estimates for either grazing on microzooplankton or detritus. During the same drifting station, Irigoien et al. (1999) demonstrated that phytoplankton ingestion by C.finmarchicus would not supply sufficient carbon for the observed egg production and Dam et al. (1993) argued that at 47°N the average carbon intake using the size-fractionated approach fell short of the minimum nutritional requirement for growth by 23-52%. The low grazing rates reported in this study are consistent with other results (e.g. Cowles and Fessenden, 1995; Gifford et al., 1995) which conclude that mesozooplankton grazers have a small impact on phytoplankton biomass and therefore other sources such as microzooplankton, and possibly detritus, must be a major component of their diet.
In conclusion, a comparison of size-fractionated mesozooplankton biomass and grazing at these two latitudes during the PRIME cruise in 1996 indicates that no one size fraction was the major contributor to mesozooplankton carbon biomass. Mesozooplankton community biomass at the northern station was three times higher than for the southern site. Grazing rates were also higher at the northern station, where the small size fraction dominated both day and night samples, but only dominated day samples at 37°N. Consumption of phytoplankton standing stock was higher at 37°N, and for both sites the daily impact on the standing stock was low. At 59°N, reverse diel migration of zooplankton was observed, which was related to increased daytime consumption of the small and medium size fractions; in contrast, a large diel signal in zooplankton numbers was observed at 37°N. A comparison of the findings during the PRIME cruise suggests reasonable agreement with other studies over the preceding decade for the vicinity of 60°N. No previous studies have been undertaken in the region of 37°N and the results at this station widen our knowledge of mesozooplankton ecology in the North East Atlantic.
